ABSTRACT. Human activity is one of the three main drivers of environmental changes in the mountains. Its influence on mountain natural environment is characterized by great spatiotemporal diversity. In the Tatras human impact started in the 12th-13th centuries and was related to mining and animal grazing
Introduction
Mountains are characterized by greater geodiversity than most landscapes (Barsch and Caine, 1984) . Three drivers of environmental changes in the mountains are relief (Tucker and Slingerland, 1994) , hydroclimate and runoff (Vandenberghe, 2002) , and human activity (Coulthard and Macklin, 2001) . Mountain geosystems are not exceptionally fragile but show greater vulnerability to disturbance than many other landscapes (Beniston 2000) . Human activity resulting in a specific land use as well as land cover patterns that often go across geoecological zones generally accelerated landscape disturbance (Slaymaker and Embelton-Hamman, 2009 ).
Mountain areas in Europe are being under impact of diverse human activities since thousands years. Paleostudies highlight the occurrence of human activities there like grazing, agriculture, mining, industry and others (eg. Galop and Jalut 1994; Valsecchi et al., 2010; Py et al., 2014) . The type and intensity of human influence is characterized by large spatio-temporal variability. Agricultural land abandonment is observed in the European mountain areas since the last 200 years, with significant intensification since the fifties of the 20th century (MacDonald et al., 2000; Galop et al., 2013 , Lasanta et al., 2017 . Recently it is accompanied by abandonment of grazing areas (Bauer et al., 2006; Galop et al., 2013) . Urbanization and increase in population is generally observed in the Alps (Batzing et al., 1996) , but in their remote areas as well as in other mountains (e.g. Pyrenees) population is declining, with some areas in danger of becoming completely abandoned (Batzing et al., 1996) . Lastly, the impact of increasing winter skiing is of major importance (Rixen and Ronaldo, 2013) .
Human activities have contributed, in general, to the disturbance of the original landscape and its morphodynamics (García-Ruiz and Valero-Garcés, 1998; Latocha, 2009; Py et al., 2014) as well as of mountain vegetation by changes in timberline or species distribution (Valsecchi et al., 2010; Schwörer et al., 2014) . The recent decline in farming and grazing caused extent of forest and treeline expansion toward higher altitudes (Leonelli et al., 2013; Bebi et al., 2017) .
However, the high-mountain environment of the Tatras is regarded as being only slightly changed by humans. Human interference in the natural environment of the Tatra Mountains has occurred since medieval times with spatially and temporally differentiated intensity as it appears from historical materials and is documented by sediments in glacial lakes in cirques and over-deepened basins (Libelt, 1988; Kaszowski et al., 1988; Kłapyta and Kołaczek, 2009; Kłapyta, 2012) . This human impact has caused intentional and unintentional changes in the natural environment, especially in the landscape, in each altitudinal belt and with variable intensity.
The aim of this paper is to examine the human impact on the natural environment of the Tatras. The human activities influencing the natural environment will be considered with a special attention paid to their spatial extent and temporal variability. The changes in most affected elements of the natural environment will be discussed based on results of the studies regarding particular elements of natural environment.
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Study area
The Tatras (area of 785 km 2 and length of 53 km) are the highest mountain range in the whole Carpathian arc, elevated up to 2655 m a.s.l. (Gerlachovský štít peak). Approximately 4/5 of the area belongs to Slovakia, and the remainder to Poland. This region of diverse geology and relief is divided into four physico-geographical mesoregions: the High Tatras, the Western Tatras, the Belianske Tatras and the Reglowe Tatras (Radwańska-Paryska and Paryski, 1995; Balon et al., 2015) (Figs. 1 and 2 ).
The Tatras are composed of a crystalline core formed of intrusive Carboniferous granitoids of the High Tatras and metamorphic rocks (Paleozoic rocks: gneiss, amphibolite, metamorphic shale) occurring mainly in the Western Tatras. The core is rimmed from the north by allochthonous High Tatric Nappe and Sub-Tatric Nappes, consisting of quartzite, dolomite, limestone, marls, shales, and sandstone of the Triassic-Middle Cretaceous age (Piotrowska et al., 2015) .
The Tatras are characterized by alpine relief formed during the Pleistocene glaciations (Lukniš, 1973; Klimaszewski, 1988; Rączkowski et al., 2015) . Thus, in the High Tatras a system of glacial cirques and glacial troughs was formed, both with very steep and rocky slopes, deeply incised by couloirs with large talus cones at their outlets (Fig. 2a) . In the Western Tatras (Fig. 2b) only the upper sections of the valleys were glaciated. The bottoms of the cirques are not over-deepened, the rocky slopes and rock walls are shorter than in the High Tatras and often replaced by debris-mantled slopes. The Belianske Tatras (Fig. 2c ) have both glacial and karst relief. The fluvio-denudational relief that is indeed typical of medium-high mountains characterizes the Reglowe Tatras (Fig. 2d) . Cuestalike ridges are characteristic features both in the Belianske and Reglowe Tatras (Lukniš, 1972; Klimaszewski, 1988; Rączkowski et al., 2015) .
The mean annual air temperature (MAAT) at the foothills of the northern Tatras is 6°C. At the highest summits, MAAT is -2°C (Żmudzka et al., 2015) . The mean total precipitation ranges from approximately 1100 mm at the northern foothills to more than 2000 mm in higher parts (Ustrnul et al., 2015) , and the number of days with seasonal snow cover ranges from about 100 to over 220, respectively (Ustrnul et al., 2015) . The upper timberline is at 1520 m a.s.l., the subalpine zone, which is formed by dwarf pine (Pinus mugo) shrub, reaches to 1850 m a.s.l., the zone of alpine meadows -up to 2300 m a.s.l, and the subnival zone is above. Altitude between 1520 and 1250 is occupied by the upper montane forest zone with coniferous forest, mostly composed by spruce (Picea abies). Below, the lower montane forest zone, which is formed by deciduous forest with predominating beech (Fagus sylvatica) and fir (Abies alba), descends to 700 m a.s.l. (Piękoś-Mirkowa and Mirek, 1996) but actually is dominated by monocultures of spruce.
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The area is legally protected as Polish and Slovak national parks and as an international biosphere reserve (UNESCO). The Tatra National Park (TANAP) in Slovakia was founded in 1949 and in Poland (TPN) in 1954. Together, they cover the whole area of the Tatras. A few kilometres wide buffer protection zone extends outward, along their borders. Since 1993 the Tatras have become a Man and Biosphere Reserve, while some parts are under Natura 2000 protection.
Outline of history of human activity in the Tatras
Human activities in the Tatras in the past were related to mining, grazing, wood and oil extraction, and rubber forest management. After the foundation of TANAP and TPN, according to the principles of their operation, all human activities, except tourism, were gradually stopped. Currently, human activity is limited to tourism. Tourists are allowed to go only along designated hiking trails. In the forest zone of the TANAP, some cultivated forests are permitted. The Tatras are uninhabited, only mountains lodges are there. Small towns and resorts exist along their border, among which Zakopane is the largest (about 30,000 inhabitants). However, Mirek (1996) distinguishes nearly 50 different forms of anthropopression there, among which, in addition to long-range impacts i.e., atmospheric pollution, the most important is tourism, sport and recreation pressure.
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Human impact in the Tatra mountains
Mining and metallurgy
Mining started on the Slovak/southern side of the Tatras in the 12th century and on the Polish/northern side of the Tatras in the 13th century. Although the development of mining was already intensive in the 15th and 16th centuries, when 1494 mines operated in the Polish part of the Tatras, yet the 17th and 18th centuries are the periods of mining climax, especially on the Polish side. Silver, cooper and iron ores were extracted at the beginning, while gold to a lesser degree. Later on, iron ore extraction dominated, especially in the 18th century. The mining activity concentrated in the Chochołowska Valley, the Kościeliska Valley, the Jaworzynka Valley, the Kriván Mt., the Velická Valley, the Kežmarskej Bielej vody Valley (Fig. 3) . The pits and adits were located on slopes even near the ridges, and the ore was transported down along special roads cut into the slopes (hawiarska droga i.e. so called miners' routes) (Häufler, 1955; Midriak, 1972; Szafarski, 1972; Radwańska-Paryska and Paryski, 1995) . Prospecting for uranium in the 1950s, documented by relict adits in the Dolina Białego Valley, was the last mining activity in the area.
Since the beginning of the 18th century metallurgy developed. The smelting centre was in Tatranská Javorina village, and the ironworks in the Bystra Valley (Kuźnice), the Kościeliska Valley (the Hala Ornak, the Stare Kościeliska), the Chochołowska Valley (the Polana Huciska, the Starorobociańska Dolina), the Lejowa Valley. The smelting activity finished in 1880 (Liberak, 1927; Häufler, 1955; Jost, 1962; Szafarski, 1972; Jost and Paulo, 1985) .
After the break down of metallurgy and mining, paper mills developed in the former centre of iron works in the Kuźnice hamlet. For this reason 3 big saw mills exist in the village of Zakopane at the Tatras margin (Jost and Paulo, 1985; Jost, 1991) .
In relation to this activity, lime kilns were active, what stimulated rock extraction and stonepits development not far from Kuźnice and the Dolina Kościeliska industry centres (Jost and Paulo, 1985) 
Wood exploitation and essential oil extraction
When metallurgy was developing, charcoal was needed as well as wood for casing the mining adits and pits. Around 16000 m 3 of wood were used per year for the latter, while ca. 37 m 3 were used for getting 1 ton of pig iron. For this reason, the forests in both the marginal zone and inside the mountains were cut down. Natural forests have survived only in hard-to-reach areas (Zwoliński, 1984; Myczkowski et al., 1985) . Deforestation took place also in the Tatras foreland (Zwoliński, 1984) .
The strongest tree cutting down in the montane forest zone on the northern side of the Tatra Mountains took place in the 19th century, until 1889, when Count W. Zamojski bought the majority of
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Rączkowska the forests. Acquiring wood for steelworks and for construction purposes caused the destruction and changes in the forest stand structure, introduction of alien spruce species to inappropriate habitats (Fabijanowski, 1962; Dziewolski and Skawiński, 1988; Mirek, 1996) . In fact, a monoculture spruce forest developed instead of a mixed forest of the lower montane zone and a native spruce forest of the upper montane zone (Jost, 1991; Mirek, 1996) . Deforestation was also related to pasturage, which also influenced the forest structure due to grazing of forest undergrowth. Moreover, the forest was strongly infected by bark beetle since the World War I, what was caused by negligence in forest management (Goetel, 1962) .
A special type of human activity concentrated on southern side of the Tatras was the production of essential oil from dwarf pine by distillation. It was run mainly from 1897 to 1904 together with the exploitation of dwarf pine bushes in the Kežmarskej Bielej vody Valley (Gašpar, 2002) . The oil mill exists there near Bele pleso lake (Janoška, 1923) . As a result, entire slopes were stripped of dwarf pine shrubs, as it is evidenced by Pinus mugo roots fragments found in the place where the shrubs are now absent (Midriak, 1972) . Effects were visible in the 20th century for a long time (Goetel, 1962; Boltižiar, 2007) .
Grazing
The first pasturing activity in the Tatras dates back to the 12th century and continued till the 14th century, and was related to the German colonization in the surrounding area. Extensive grazing developed at the turn of the 14th / 15th centuries, when Wallachian shepherds arrived in the region and the climax of pasturing activity took place in the 16th and 17th centuries (Holub-Pacewiczowa, 1931; Chaloupecký, 1957) . The grazing land covered the area above the upper timberline up to 2500 m a.s.l., as well as forest glades and logging sites in the forest zone. Sheep dominated among grazing animals, although cows, horses, goats and pigs were also raised. Cattle were grazed mainly on the southern side of the Tatras. The highest number of grazing animals were in the Polish part of the Tatras and in the Belianske Tatras (Holub-Pacewiczowa, 1931; Fabijanowski, 1962; Harvan, 1965; Podolák, 1967; Fabijanowski and Dziewolski, 1996) . The greatest development of pastoralism falls on the 19th century and the first half of the 20th century (Kolowca, 1955) . The maximum intensity of grazing was in the period of 1939-1945, when 35,000 sheep per year grazed in the Tatras (Radwańska-Paryska, 1963) and in the period of 1942-1947 when 13,000-26,000 sheep per year grazed in the Polish Tatras (Śmiałowska, 1962) . Grazing was accompanied by the existence of shepherds' shelters and huts, located in great number even in remote areas at high altitude in the mountains or near cheese-making workshops in the valley bottoms (Midriak, 1972; Chmiel, 1996) . The shepherds' huts were located up to 1500-1600 m a.s.l. (Haufler, 1955; Midriak, 1983) . Later, the number of grazed animals decreased to around 6,000 per year in the 1960s (Śmiałowska, 1962) and, in the years 1960-1972, pastoralism was withdrawn from the Tatras in the interest of nature conservation. Grazing continued only in some clearings until 1978. In 1981, the limited, so called cultural, pasturage of sheep, in number of about 1000 heads, was reintroduced in few glades in the lower forest montane zone (Chmiel, 1996) . Since the time of pasturage ban, some abandoned pastureland has undergone natural succession, while some have been reforested as part of a major government afforestation program in Poland.
Tourism types and dynamics
The interest in tourism in the Tatras dates back to the second half of the 16th century, and since the 17th century climbing the peaks of the Tatras became an appealing venture. In the 18th century and the first half of the 19th century tourism was relatively vivid, and it intensified when the first mountain refuge was built near the Morskie Oko lake in the Dolina Rybiego Potoku Valley in 1836 on the northern side, and then another shelter (Rainerova chata) in the Veľká Studená dolina valley in 1863 on southern side of the Tatras (Radwańska-Paryska and Paryski, 1995) . Development of tourism was related to the Tatra Association foundation in 1873, which improved accommodation and trails availability in the Tatras. Also expansion of tourist resorts at the base of the Tatras (Zakopane, Starý Smokovec, Štrbské Pleso, etc.) and accessibility to these places by newly constructed railway roads in a half of the 19th century significantly influenced tourism intensity in the Tatras. It is expressed by a growing number of
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Human impact in the Tatra mountains people visiting the Polish part of the Tatras from around 100 in 1870 to more than 3 millions per year nowadays. The number of tourist reached 8000 in 1900, 150000 in 1948, 1 million in 1960 and more than 2 million in 1970 (Mirek, 1996; Fidelus et al., 2017) .
Tourist traffic is not evenly distributed in the area (Fig. 4) . According to simultaneous monitoring of visitors in 2004, in the entire Tatras (TANAP and TPN) almost 16000 tourists on average entered daily the Tatra valleys in TANAP (Sturcel, 2006) , while 27805 entered valleys in the TPN (Czubernat and Marchlewski, 2005) . On the Slovak side of the Tatra mountains there are 4 places where the intensity of tourist traffic exceeds 2000 persons/day: the Predné Solisko Mt. in the Mlynická Valley (cable car and chair lifts), the Popradské pleso lake region in the Mengusovská Valley, the Hrebienok area (cog railway and chair lifts) and the Lomnický štit Mt. and the Skalnaté pleso lake (chair lift and cable car) (Švajda and Šturcel, 2005) . On the Polish part these are: the Dolina Rybiego Potoku valley and the Morskie Oko lake (>5000 persons/day); the Dolina Kościeliska (>2000 persons/day); the Dolina Białego valley, the Chochołowska Valley, the Jaworzynka Valley, the Bystra Dolina valley and the Giewont Mt., (>1000 persons/day) and the Kasprowy Wierch peak (cable car transported >500 000 persons/year and chair lifts) (Fidelus et al., 2017) . From the places mentioned above, cable lifts (gondola cars) allow the access to higher parts of the mountains, while the remaining parts of the alpine zone are characterized by a notably less intensive tourist traffic. Tourist traffic concentrates in summer, from June to September, with the maximum in August (Švajda and Šturcel, 2005; Fidelus et al., 2017) . More than 70% of tourists, from among those entering the valleys, reach only mountain huts located usually in the bottom of valley heads (Fidelus et al., 2017) . The current hiking routes are largely past pastoral trails and roads (Mirek, 1996) .
Tourism takes different forms in the Tatras. The main type is hiking along hundreds kilometres of hiking paths (275 km in TPN), leading from the bottoms of the valleys, where they usually have the form of unpaved roads, up to the ridges. Since a half of the 20th century a specific variety of tourism is the sporting penetration of the karst caves. Two hundred caves among 650 on the Polish part of the Tatras were visited by 50000 persons in the period of 1982 (Siarzewski, 1996 . The other type of tourist activity is climbing, with drytooling and bouldering being the most popular actually (Jodłowski, 2015) . Also cycling is allowed on roads in the bottoms of few main valleys, both on the Polish and the Slovak parts of the Tatras. Skiing dates back to the period of 1891-1894. Since that time, downhill skiing became popular in the entire mountain range. In the 1930s infrastructure for skiers started to be constructed, among them cable cars on the main ridge of the Tatras at the Lomnický štit Mt. and the Kasprowy Wierch Mt. (Fig. 4) . Nowadays, skiing concentrates in few places near chair lifts and cable cars (Skawiński and Krzan, 1996) . A rapid increase in popularity of ski-touring has been noted in recent years. 
Rączkowska
Temporal variability of human impact
The intensity of various types of human activity in the Tatras and their surroundings changed trough time (Fig. 5) . Mining and grazing were the main types affecting the environment of the Tatras till the mid-20th century. Later the tourism, both summer walking and winter skiing became the main activities, unfortunately becoming also real threats to the natural environment there. The influence of climbing on the environment is negligible. The tourism impact is expressed by a growing number of tourists and by the development of infrastructures. Apparently, human influence is well evident in the Belianske Tatras, less in the Western Tatras and the least in the High Tatras (Midriak, 1983) . 
Climate changes in the period of human presence in the Tatras
Simultaneously with the increasing human activity the climate changes were going on, i.e. the entry of humans to the Tatras was parallel to the climate deterioration during the Little Ice Age (LIA). The latter resulted in the increased activity of slope processes, especially debris flows, avalanches and floods (Kotarba, 2004; Gądek et al., 2016; Gądek et al., 2017) . It is assumed that the LIA lasted until the beginning of the 20th century (Kotarba, 2004) . For humans the changes were very unfavourable because they were accompanied by a shortened vegetation period and crop yield deficiency that fostered the spread of famine and various epidemics (Kędzia and Kotarba, 2018) . Unlike in the LIA, there is an actual tendency for air temperature to rise. The climate warming has been proved, so that in the last hundred years mean annual temperature increased about 1 o C (Żmudzka et al., 2015) .
Human impact
Influence of mining, iron metallurgy and paper mills
The most significant influence of mining and other industry on the nature of the Tatras took place in the 18th and the first half of the 19th centuries (Fig. 5) . These activities resulted in: construction of a road for ore transportation along the main valley bottom, urbanization of the mountains margin, and deforestation or degradation of forest (Fabijanowski, 1962; Fabijanowski and Dziewolski, 1996; Mirek, 1996) . On the Tatra slopes many adits, pits and mine piles emerged. A system of mine roads was formed across the slopes for transporting the ore to the valley bottom. Even
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Human impact in the Tatra mountains small workshops smelting non-ferrous metal operated in valley heads not only near mouths of the valleys at the mountains margin. Special channels were formed for water transport to foundry furnaces (Jost, 1962 (Jost, , 1991 . The remnants of mining and smelting activities are still present in the relief as anthropogenic landforms. Among them mine roads are most significant, besides channels formerly supplying water to mines. They are still clearly visible in the Tatra landscape. In addition, pits of limestone quarries are anthropogenic landforms. Along the northern border of the Tatras the former mine roads that connected smelting centres in the Dolina Kościeliska and the Dolina Chochołowska valleys with Kuźnice in the Bystra Valley, are used now as popular hiking path. The activity mentioned above caused substantial changes in the vegetation cover. These changes were intentional like in the case of deforestation or unintentional like in the case of influence of deforestation on soils and morphodynamics of slopes. The problem will be discussed in a separate chapter.
Influence of grazing on vegetation cover
The influence of grazing seems to be stronger than that of mining and metallurgy as pasturing spatially covers almost the whole Tatras, from the valley bottoms to the divides. Pasturing had the influence both on the change in the structure of the zonal types of vegetation and the spatial extent of main types of vegetation (i.e. alpine meadows, dwarf pines, shrubs and forests) and on the conditions for morphogenetic process that, in turn, influenced slope morphodynamics. Moreover, anthropogenic landforms are still common elements of the Tatra's landscape.
Initially, the influence of grazing was marked by the synanthropic flora (Radwańska-Paryska, 1963) and small changes in vegetation due to grazing and manuring, but there was no destruction of the vegetation cover that was observed subsequently (Radwańska-Paryska, 1959) . Over the years, however, the pressure of pastoralism increased rapidly, and at the beginning of the 17th century, the problem of excessive use of the Tatra forests appeared. As a result of all human activities, 10% of vascular plants in the TPN (100 species) have been unintentionally or intentionally introduced (Mirek, 1996) .
In the alpine grasslands zone, the impact of grazing manifests in reducing the density of alpine swards and replacing natural grassland communities by the secondary ones. In places with the entirely destroyed vegetation cover, an initial phase of cryptogamic plant communities can be observed on screes (Balcerkiewicz, 1984; Mirek, 1996; Rączkowska and Kozłowska, 2002) .
Pasturage significantly affected to deterioration in the montane forest and subalpine dwarf pine zones (Fig. 6 ). In the first case, destructions were related to forest fires and mechanical damage of trees or tree roots, while in the second case, plucking out and fires damaged mainly the Pinus mugo shrubs (Haufler, 1955; Fabijanowski, 1962; Midriak, 1972; Fabijanowski and Dziewolski, 1996) . The area covered in the past by dwarf pine had been stripped of it by grazing in 60-90% in the Western Tatras (Haufler, 1955; Midriak, 1983) . In areas where dwarf pine shrubs were removed, the development of subalpine grassland communities followed the grazing. In the subalpine zone, such patches of grasslands over crystalline bedrock most often consist of communities with Deschampsia flexuosa and Festuca picta or post-grazing subalpine form of alpine sward (Oreochloo distichae-Juncetum trifidi). In the transition zone between the subalpine and the alpine zones this post-grazing subalpine plant cover often occurs in a complex with patches of dwarf shrubs (Vaccinium myrtillus). In the alpine zone occurrence of some subassociations like Oreochloo distichae-Juncetum trifidi caricetosum sempervirentis could be related to grazing (Rączkowska and Kozłowska, 2002; Kozłowska, 2008 ).
Lowering of the upper limit of the subalpine dwarf pine and montane forest zones was one of the most significant effects of grazing (Figs. 6 and 7, b; Sokołowski, 1928; Plesník, 1971 Plesník, , 1973 Midriak, 1983; Boltižiar, 2007; Guzik, 2008; Jodłowski, 2010) . Lowering of the upper limit of the forest zone occurred on 70% of its length in the Western Tatras and 50% in the High Tatras (Piękoś-Mirkowa, 1986). The upper limit of the forest has clearly went down: by 100-150 m in the Western Tatras (Sokołowski, 1928) , 190-220 meters (Plesník, 1971 (Plesník, , 1973 or 130 meters (Midriak, 1983) in the High Tatras, and by 200 meters in the Belanske Tatras (Midriak, 1983) .
Along with the grazing, the process of a variety of impacts on the Tatra forests began, including both reducing forest cover and changes in structure of existing forests (Kolowca, 1955;  Rączkowska Paryski, 1959; Ciurzycki, 2003) . Mid-forest glades, occurring in the forest felling sites, are the second significant effect of pasturage. There were 120 of them in the Polish part of the Tatras when sheep grazing was carried out (Mirek, 1996) . Thirty two glades still existed in 1990 within the montane forest zone of the Tatry Reglowe. Twelve of them were used for maintaining the tradition of grazing (so called cultural grazing), and 3 glades were used as hay meadows. The glades differ in area from 1 to 39 ha (Klimek et al., 1990) . Dynamics of afforestation of the Tatra glades in TPN was evaluated based on ortophotomaps and satellite images analysis. It was found that the glade area decreased by more than 46% between 1955 (intensive sheep grazing) and 2004 (~40 years after cessation of sheep grazing) (Bukowski, 2009) . Recent afforestation (Fig. 7) may also be related to climate warming.
P A P E R A C C E P T E D . P R E -P R I N T V E R S I O N
Other important effects of grazing, together with the impact of mining, metallurgy, and forest management, are forest communities with distinctly transformed forest stands (Mirek, 1996) . 
Human impact in the Tatra mountains 
Influence of past deforestation on forest structure and slope morphodynamics
The natural/original forest structure in the Tatra Mountains related to altitudinal climatic zones consists of deciduous forest (with the dominance of beech trees) up to 1200 m a.s.l., and coniferous forest (with predominating spruce), which reaches the upper timber line at the height of 1550 m a.s.l (Mirek, 1996) . Forests were the element of the natural environment that was most affected by deforestation and fires (Midriak, 1983) . Deforestation was mainly caused by activities discussed above and by the development of constructions for which wood was used as the main building material. It resulted in lowering of the upper forest limit and changing a natural structure of the forest into a monoculture (Fabijanowski, 1962; Mirek, 1996) . The structure of the deciduous forest zone has been changed, so it is mostly composed of spruce till now (Mirek, 1996; Ciurzycki, 2003) . Indirect, unintentional effects of different human activities in the forest are problems with bark beetles, which appeared since the World War I (Goetel, 1962) and caused dying of trees on a large area in the forest zone of the Tatras. The other indirect effect is facilitating of windthrow on large P A P E R A C C E P T E D . P R E -P R I N T V E R S I O N Rączkowska areas by windstorms of bora type in TANAP or a foehn type in TPN. One of the biggest windthrow of 2.5 milion m 3 was on Slovak side of the Tatras in 2004 (Koreń, 2006; Zielonka and Malcher, 2010; Fleicher et al., 2017) . Based on the analysis of spatial and temporal distribution of the most catastrophic events, it was found that damages of forest stands by wind and snowfall events are followed by gradations of the bark beetle, and that these phenomena repeat cyclically (Grodzki and Guzik, 2009 ).
Windthrows result in the specific micro-relief of domes and hollows on the slopes (Kotarba, 1970; Strzyżowski et al., 2016) and influence the sediment flux pattern (Kotarba, 1970; Strzyżowski et al., 2018) . After the windthrow in 2013 in the Polish Tatra the sediment flux rate for the whole area of TPN is of 3.55 × 10 −4 m 3 /m −1 /yr −1 . The mean sediment flux based on the 48-year data is 2.76 ×10 −5 m 3 /m −1 /yr −1 (Strzyżowski et al., 2018) .
Both the windthrows and the attacks of bark beetle induced the use of heavy equipment for transporting tree trunks that exerted impacts on existing forest roads and caused formation of new trails of tree trunk transport on slopes. Sheet and linear erosion within roads and trails caused the development of erosional incisions and hollows there, and deepening of the roads' gullies (Rojan, 2010; Fidelus-Orzechowska et al., 2017) . Results of a 10-year study showed that 2-3 years after the cessation of intensive use of the forest roads changes in their surface are significantly reduced and the roads became gradually overgrown; sometimes even completely (Rojan, 2015) .
Influence of grazing on landform and soils transformation
Intensive grazing of many and numerous sheep herds and cows generate changes in landscape and landforms. Because of that, the continuity of the vegetation cover in the alpine and subalpine zones was broken, and a network of numerous sheep trials was formed (Paryski, 1959) . Erosion on the hillslopes resulted in the supply of large amount of material to the valley bottoms by slope wash and debris flows. Examination of the sediments filling the depressions in the glacial cirques and valley bottoms in the Western Tatra demonstrated the human activity on the surrounding slopes since the 14th-15th centuries (Libelt, 1988; Kaszowski et al., 1988; Kłapyta and Kołaczek, 2009, Kłapyta, 2012) . It can be assumed that the degradation of the vegetation cover as a result of animal grazing, enhanced the activity of geomorphic processes related to the deterioration of the climate during the of Little Ice Age. The consequent soil compacting on slopes resulted in the erosional niches and incisions (Fig. 7) . About 20 years after the cessation of the intensive animal grazing, a significant reduction of erosion and succession of vegetation onto bare slopes were found (Jahn, 1979) . Nevertheless, in the areas used by skiing, these processes were slower, and some erosional landforms are still active (Rączkowska and Kozłowska, 2002, 2010) . The grazing influence on landscape is expressed also by presence of the shepherd huts in many places, now kept/protected as historical-heritage objects, yet sometimes serving for other uses. The sheep trials that used to be very dense on the slopes in the past are overgrown now and are not visible, except for those used for hiking.
Animal grazing influenced not only the landform evolution but also soil characteristics as well. The negative impact of grazing had manifested in mechanical deformation of soil cover, disadvantageous changes in air and water properties of the soil, occurrence of various forms of initial and deluvial soils. On the other hand, grazing brought also a positive impact on slopes: due to manuring related to the paddock grazing system the soils were enriched in biogenic components, and plant nutrients were better balanced (Skiba and Zawilińska, 1990) . In fifty years since the conversion of pastureland into grasslands and forest, the development of genetic soil horizons occurs in eroded calcareous soils (Wasak and Drewnik, 2015) .
Influence of tourism
Tourism-related human impact is observed along hiking trails, and manifests in gradual anthropogenic erosion (Skawiński, 1993; Krusiec, 1996; Czochański, 2000; Gorczyca and Krzemień, 2002; Rączkowska and Kozłowska, 2010; Fidelus, 2016; Fidelus-Orzechowska et al., 2017) . Tourist erosion is generally related to hiking. Results of the hitherto studies indicate that hiking has the most P A P E R A C C E P T E D . P R E -P R I N T V E R S I O N Human impact in the Tatra mountains destructive impact on the vegetation and soil covers as well as the intensity of morphogenetic processes (Jodłowski, 2011; Bukowski et al., 2015; Fidelus-Orzechowska et al., 2017) . The main erosional effects of hiking are: widening of hiking paths, lowering of their surface and development of erosional micro-forms within them as well as deterioration of compact vegetation cover and introducing synanthropic plant species.
The modification of the relief within hiking paths resulted from the activity of natural morphogenetic processes intensified or induced by the touristic use of the area. The intensity of slope degradation is much higher there than on the slopes not affected by tourism. Midriak (1996) found that soil erosion on the slopes protected with vegetation is 0.01-0.03 mm year -1 , while on the bare surface of hiking paths it increases to 1.7-3.6 mm year -1 in the areas with calcareous substrate. According to 5-year long monitoring of the hiking path at Kasprowy Wierch Mt., which is subjected to a huge tourist traffic (more than 500,000 persons per year) the slope lowering rate is 0.3-1.3 cm year -1 (Rączkowska and Kozłowska, 2010) . A similar slope lowering of 0.89-1.0 cm year -1 was found in other areas with metamorphic rocks (Fidelus, 2016) . Although path degradation indicators are relatively high, it has not led to total loss of the soil cover.
The intensity of modification of the slope paths differs depending on lithology, slope inclination and orientation, soil structure, vegetation cover, seasons and number of tourists (FidelusOrzechowska et al., 2017) . Widening of hiking paths is spatially differentiated. Their widths range from < 1 m to > 20m. Paths less than 1 m wide account for 83% of them in TANAP and 47% in TPN, while those with widths more than 5 m represent 2% and 6%, respectively. In the last 15 years, tourist paths have become much wider and deeper along many long stretches in the alpine and subalpine zone. Mean widths were 1-5 m in 1990, and from 3-5 m to 10-20 m in 2012. Maximum widths grew from over 10 m to over 20 m, respectively (Fidelus-Orzechowska et al., 2017) . Monitoring at the Kasprowy Wierch area showed the path widening only by 2-20 cm during 5 years, what can be attributed to limiting the path by tape railing introduced by TPN (Rączkowska and Kozłowska, 2010) . Both the active morphogenetic processes and touristic use lead to emergence of new landforms of varied origin. Among them there are erosional incisions up to 1 m deep and wide, nival hollows, deflation hollows and geli-deflation steps (Fig. 8) . All tourist trails in the Tatras experience the strongest physical changes during snowmelt in spring, as well as in summer during heavy rainfall events. A distinct asymmetry in the slope transformation within the hiking paths was found in the Western Tatra in the area above the upper timberline. Northern slopes are transformed to a larger degree (Fidelus, 2016; Fidelus-Orzechowska et al., 2017) .
The impact of tourism on the vegetation results in patches of synanthropic vegetation in most of touristic places, e.g. patches of nettle Urtica dioica (Piękoś-Mirkowa 1981; Mirek, 1996; Rączkowska and Kozłowska, 2002, 2010; Kozłowska, 2008) . Trampling of the grasslands near hiking paths is also a relevant process related to the hiking. Based on 5-year long monitoring, the rate of widening of the trampled zone is 10 cm year -1 in the Kasprowy Wierch area. Along the paths, the presence of plant species resistant to trampling was observed, such as Agrostis rupestris or Festuca airoides that form single-species patches (Rączkowska and Kozłowska, 2010) .
As a result of cave tourism, stalactites and mud caves have been irretrievably destroyed in many places, and large amounts of rubbish have been accumulated both leading to degradation of the natural environment of the caves functioning as unique ecosystems (Siarzewski, 1996) .
Climbing mainly affects the vegetation cover and, to a lesser extent, landforms and fauna. Although most climbers climb in summer, the biggest threats to the nature are owing to drytooling on carbonate rocks (Jodłowski, 2015) .
Skiing does not produce substantial changes in slope relief due to good management practices in the Polish part of the Tatras (Fidelus-Orzechowska et al., 2017) . Only smoothing of coarse boulders by skiers (Skawiński, 1993) and small patches of destroyed alpine swards (Rączkowska and Kozłowska, 2002) were found as evidences of such impacts. However, much greater changes in the vegetation cover and landforms are found in the Slovak part of the Tatras. Destruction of the vegetation cover, erosion over large sectors of the slopes and enlargement of ski routes are observed in skiing areas there.
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In the most affected areas by hiking and skiing special actions are undertaken to limit the spatial extent of the tourist traffic and to successfully stop erosion (Fig. 9) . These initiatives should lead to development of the vegetation cover that will stabilize the slopes in the short term. Fidelus et al., 2017) 
Figure 8. Scheme of long-term changes in the cross-profile of a hiking path (after
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Despite the huge tourist traffic, no influence of anthropogenic factors on lake waters was found . Only a limited degradation was observed in the 1990s in the streamflow below mountain huts in the Polish part of the Tatras (Bombówna and Wojtan, 1996) . Nowadays stream waters are pure, except at the outlet of the Bystra and Biała Woda streams, where the water has a lower level of purity (Żelazny et al., 2015) .
Man-made elements of landscape occur in relation to tourism. On the main ridges of the Tatras there are 2 buildings of meteorological observations and upper stations of cable cars (Lomnický štit Mt., Kasprowy Wierch Mt. -Fig. 4) . Mountain huts and hotels, in number of 18, are situated in almost each main valley, also above the forest zone, and few hunting huts are in the forest zone. Chair lifts were constructed in ski areas. In addition, there are power lines, parking areas, asphalt roads, water intakes, sewage treatment plants and hydroelectric power plants.
Human influence in the Tatras nowadays
Currently the human activity in the Tatras is generally reduced to the tourism and, at limited degree, to forest economy. Tourist activity involves a huge number of people and covers the whole area of the Tatras. Therefore, tourism should be regarded at present as the main driver of human impact in the Tatras.
The tourism impact is mainly related to hiking. As hiking is allowed only along marked paths, its impact is of linear character, and most of the mountain areas are very slightly affected. Yet, intensive use of the tourist trails causes significant erosional effects on slopes and influences other elements of natural environment, particularly vegetation. The erosive consequences of tourism have been enhanced by forestry works in the Tatras.
In addition, the presence of mountain lodges and cable cars make easier for people to quickly access the core zone of the mountains and their uppermost geocological zones, where nature is more sensitive to long-lasting or irreversible damages. Tourism seems to be currently the greatest threat to both abiotic and biotic elements of natural environment in the Tatras.
It is noteworthy that, as deduced from the text above, the Tatras are particularly different compared with other European mountains, since processes like field abandonment, depopulation, urbanization, which are common in other European mountains, do not affect the Tatras.
Conclusions
The human impact in the Tatras shows a variety of types, effects, and spatial and temporal organisation.
Regarding chronology, there was a historical, but already non-existent, human impact such as mining, metallurgy, grazing, and deforestation, whereas the contemporary impact is restricted to tourism and forest management.
Landforms and landscape are among the most affected elements of the natural environment: the first due to remnants of historical human activities and effects of present-day erosion by tourism, and the second because of the changes in the altitude and structure of the upper limits of the forest and dwarf pine shrubs as well as large forest areas destroyed by wind or bark beetle.
The impact of tourism, through intensification or triggering of the natural morphogentic processes and the wasting of the compact vegetation cover, and the erosion related to forest economy are regarded as the most significant threats.
From a spatial point of view, the historical human impact until the 1960s-1970s affected the whole area of the Tatras. Currently in the area above the upper forest limit the human influence is either of a linear character, where it occurs along tourist trails, or point-focused if it occurs in downhill skiing areas, and is relatively constant regarding locations. In the forest zone, beside spatially constant linear human influences along the tourist trails and roads, there are located sites randomly affected by windthrow and bark beetle attacks.
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Rączkowska A tendency to a growing pressure of summer hiking and winter downhill skiing followed by enlarging of the related infrastructure is observed.
